ABSTRACT Free porphyrins, especially copro-, uro-, and protoporphyrin, were successfully separated by talc thin-layer chromatography (TLC), and were determined from the relationship of the weight and the area of porphyrins in the spot on the thin-layer plate. The results obtained from both the solvent extraction and the simple, rapid TLC method reported in this paper showed good correlation for coproporphyrin levels up to 400 ,ug/l. The TLC method was applied to thedetermination of urinary coproporphyrin in lead workers and in rats.
Porphyrins, which are important intermediate pigments in haem metabolism, have usually been determined by the solvent extraction (SE) method (e.g., Sano and Granick, 1961) . However, this method, which is described below, is very complicated and time-consuming, and uses expensive analytical reagents. found that free porphyrins, especially copro-(CP), uro-(UP), and protoporphyrin (PP), could be successfully separated by talc thin-layer chromatography. Purdy and Truter (1962) investigated the relationship between the spot weight and the spot area in thin-layer chromatograms and found that plots of the square root of the spot area versus the logarithm of the weight gave a straight line. We have now found a simplified method (the TLC method) for rapid determination of free porphyrins based on both of the above methods.
The results obtained by the TLC method agreed well with those obtained by the SE method. Our new method was therefore applied to the determination of urinary coproporphyrin in lead workers and in rats.
Materials and methods

MATERIAL
Urine samples were obtained from lead-exposed workers, 20 from one newspaper company and six from another. In addition, 21 samples from patients who had suffered from Yusho disease (Katsuki, 1969) caused by contamination of food with polychlorinated biphenyls (PCB), were tested. Six samples were also obtained from a man suspected to have been accidentally exposed to PCB which had leaked from transformers. In these cases, porphyrinuria was suspected because of the symptoms and clinical findings. Ten hospital workers, aged 23-36 years, with no known exposure to lead, were used to provide control urine samples. Urine samples were also obtained from rats. One rat was given a diet fortified with PCB for four months, and was then killed after being starved for 24 hours. The urine, faeces and liver of this rat were used for determination of UP, CP and PP by the TLC method. (Rimington, 1960) , where V is the volume of urine sampled, v is the final volume of HCI, and E is the optical density at the wavelength stated:
Determination of UP. The water layer separated in the above procedure was collected, adjusted to pH 1 5 with concentrated HCI, and shaken with 50 ml of cyclohexanone for 10 min, and then the mixture was centrifuged (2700 rev/min) for 15 min. The cyclohexanone layer was separated and UP was extracted with 60 ml of ether and again extracted from the ether layer with two portions of 5 and 4 ml of 1-5 N HCI. Two extracts were combined and the extract was filtered. The relationship between the weight (W) and the area (A) of porphyrins in the spot gave a gentle curve. We found that plots of the square root of A versus the logarithm of W of porphyrins in a spot gave a straight line (Fig. 2) . As a result, the following The calibration curve of CP in a diluted solution such as human urine is shown in Fig. 3 . The reproducibility of urinary CP values measured by the TLC method is given in Table 2 . The range of the coefficients of variation was 2.5-17 4%. Fig. 4 (human urine) the correlation coefficient (r) was 0-77 (p < 0-01) in CP levels up to 350 ,sg/l. In Fig. 5 (rat urine) r was 090 (p < 0-01) in levels up to 400,ug/l and 0 24 (p < 0-1) in levels above 400 ,tg/l. 
URINARY CP IN LEAD WORKERS
Urinary CP was determined in urine samples from workers exposed to lead in two newspaper offices, from the other patients described earlier and from 10 control subjects. The results obtained using the SE method are compared with those obtained using CP ( uglI9) The SE method Fig. 4 Correlation between the SE and the TLC methods for estimating CP in human urine.
the TLC method in Table 3 , which also shows the results of CP determinations in rat urine. Table 4 shows the results of urinary CP determinations using the SE method, urinary lead determinations by an atomic absorption spectrophotometric method, and determinations of the levels of ALA dehydratase (ALAD) in blood by a method which measures the absorbency of porphobilinogen (Osanai, 1974) .
APPLICATION OF THE TLC METHOD
Porphyrins in rat faeces and liver were determined by the TLC method. The results are shown in Table 5 , which also shows results obtained from human urine. One of the advantages of the TLC method was that substances other than CP, UP, and PP could be detected on a thin-layer plate. For example, a greenish fluorescence (Rf = 0-71), a yellowish fluorescence (Rf = 0 82), and a green pigment (Rf = 0(67) were detected in urine from patients (see Table 5 , Nos. 5 and 6). 
Discussion
For the TLC method to be successful it is essential to prepare a uniform thin layer, and to spot the sample properly. Truly white, mobile powdered talc with a tapping bulk density of less than 0-5 g/ml must be used (Table 1) . Purdy and Truter (1962) investigated the development of phenylazo-2-naphthol in methanol by means of both the variable-volume single-drop technique and the constant-volume technique. They showed that a larger spot area is obtained by the latter than by the former technique and that the square root of the area is a linear function of the logarithm of the weight of the material in the spot. Our experimental results agreed approximately with these findings. We also found that the area is a linear function of the weight of porphyrins in the spot when low concentrations of porphyrins are estimated. This method gives the best results with porphyrin levels of 100-400 ,ug/l. If porphyrin levels are higher than 400 ,tg/l, it is necessary to dilute the sample with water.
The limit of detection of our TLC method was 1 ng, and it was not necessary either to heat-activate the thin-layer plate or to saturate the chamber with solvent vapour before the run. The plates are stable enough to be stored for several months at room temperature. Non-treated urine can be used in this method because porphyrinogens are photo-oxidised to porphyrins by fluorescent light radiation during the procedure. Standard solutions of porphyrins are fairly stable: we found that the porphyrin concentration in a 0-1 N HCI solution decreased gradually in a refrigerator maintained at 2°C, but the monthly rate of decrease was less than 10 ,tg/l.
In rat urine there was good correlation between the SE and the TLC methods (r = 0 90) for CP levels up to 400 ,ug/l, but poor correlation (r = 0 24) for levels over 400 ,tg/l. According to Pinelli and Gaspari (1972) the solvent extraction method gives erroneously high porphyrin values because a yellow pigment, which Cardinal et al. (1968) isolated from porphyric urine, coexists with CP. Mori et al. (1969) found that a red-orange pigment with two strong absorption peaks near 490 and 400 nm was present in the urine extracts when CP was being determined. The presence of impurities also might cause inaccuracies. We have isolated a yellow pigment, which was present in both fresh and preserved urine, with greenish fluorescence and an Rf value of 0-71, and have measured its u.v. absorption: it has a maximum 
